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IONIC LIQUID ELECTROLYTES
COMPRISING AN ANIONIC SURFACTANT
AND ELECTROCHEMICAL DEVICES SUCH
AS ACCUMULATORS COMPRISING THEM

TECHNICAL FIELD

The invention relates to a liquid electrolyte, and more
particularly to an electrolyte comprising an ionic liquid sol-
vent and a conducting salt, and further an anionic surfactant.

The liquid electrolyte according to the invention may thus
be called an ionic liquid electrolyte.

The invention more particularly relates to an electrolyte for
rechargeable lithium accumulators (or lithium secondary bat-
teries) comprising an ionic liquid solvent and a lithium salt.

The invention further relates to an electrochemical device
or system such as a rechargeable accumulator (or secondary
battery), notably a primary lithium accumulator (battery) or a
lithium ion accumulator (battery) comprising this electrolyte.

The invention may notably find application in the field of
electrochemical storage, accumulators or batteries and in par-
ticular lithium accumulators or batteries.

STATE OF THE PRIOR ART

Generally, the technical field of the invention may be
defined as that of the formulation of electrolytes, and more
specifically as that of the formulation of ionic liquid electro-
lytes, i.e. solutions comprising a ionic liquid solvent and a
solute such as a conducting salt, where ionic conduction
mechanisms come into play.

If one is more particularly interested in lithium accumula-
tors or batteries, a lithium accumulator or battery is generally
composed of:

two electrodes, i.e. a positive electrode and a negative
electrode. The positive electrode generally comprises, as
an electrochemically active material, lithium intercala-
tion materials such as lamellar oxides of lithiated tran-
sition metals, olivines (LiFePQO,) or spinels (for example
the spinel LiNi, sMn, ;0,). The negative electrode gen-
erally comprises, as an electrochemically active mate-
rial, metal lithium in the case of primary accumulators,
batteries, or intercalation materials such as graphite car-
bon (C,,), or lithiated titanium oxide (Li,Ti5O, ,) in the
case of accumulators, batteries based on lithium-ion
technology,

current collectors, generally in copper for the negative
electrode, or in aluminium for the positive electrode,
which allow circulation of electrons, and therefore elec-
tron conduction, in the outer circuit,

an electrolyte where ion conduction occurs which ensures
the passing of the lithium ions from one electrode to
another,

a separator with which contact and therefore short-circuits
may be prevented between the electrodes. These sepa-
rators may be microporous polymer membranes.

The accumulator or battery may notably have the shape of

a button battery cell as described in FIG. 1.

The electrolytes used in present lithium or lithium ion
accumulators or batteries are liquid electrolytes consisting of
amixture of organic solvents, most often carbonates, in which
a lithium salt is dissolved.

The most current organic solvents are thus carbonates,
either cyclic or not, such as ethylene carbonate (EC), propy-
lene carbonate (PC), dimethyl carbonate (DMC), diethyl car-
bonate (DEC), and vinylene carbonate (VC). Although allow-
ing very good yield, these organic electrolytes pose safety
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problems. Indeed they are flammable and volatile, which may
generate fires and explosions in certain cases. Further, these
electrolytes cannot be used at temperatures above 60° C.
since, because of their volatility; they may cause swelling of
the lithium accumulator and lead to explosion of the latter.

The lithium salts added to the electrolytes are most often
selected from the following salts:

LiPFg: lithium hexafluorophosphate,

LiBF,: lithium tetrafluoroborate,

LiAsF: lithium hexafluoroarsenate,

LiClO,: lithium perchlorate,

LiBOB: lithium bis oxalatoborate,

LiTFSI: lithium bis(trifluoro-methylsulfonyl)imide,

LiBeti: lithium bis(perfluoro-ethylsulfonyl)imide,

LiFSI: lithium bis(fluorosulfonyl)imidide,

or salts of general formula Li[N (SO,CJF,,, ;)

(SO,C, F,,,.1)], wherein and m, either identical or dif-
ferent, are natural integers comprised between 1 and 10,
preferentially between 1 and 5.

In order to overcome the safety problems and notably the
problems of inflammation, and of gas accumulation due to the
low thermal stability, to the high vapor pressure and to the low
flash point of the organic solvents of these liquid electrolytes,
replacing them with ionic liquids was suggested.

ITonic liquids may be defined as liquid salts comprising a
cation and an anion. lonic liquids thus generally consist of a
bulky organic cation, giving them a positive charge, with
which is associated an inorganic anion which gives them a
negative charge. Further, ionic liquids are, as indicated by
their name, generally liquid in the range of temperatures from
0° C. to 200° C., notably around room temperature, and they
are thus often called <<RTIL>> (or Room Temperature lonic
Liquids).

The diversity of the ionic liquids is such that it is possible
to develop a large number of electrolytes. However, there
exist families of more interesting ionic liquids. These families
are classified according to the type of cation used. Mention
may especially be made of the following cations:

di- or tri-substituted imidazolium cation,

quaternary ammonium,

dialkyl piperidinium,

dialkyl pyrrolidinium,

dialkyl pyrazolium,

alkyl pyridinium,

tetra-alkyl phosphonium,

trialkyl sulfonium.

The most often associated anions are anions having a delo-
calized charge such as BF,”, B(CN),”, CH,BF;",
CH,CHBF;-, CF;BF,~, m-C F,  ,BF,", PF,~, CF,CO,",
CF;S0;7, N(SO,CF,),™, N(COCF;) (SOCF;)”, N(CN),",
C(CN);7, SCN7, SeCN~, CuCl,™, AlCl,” etc.

The ionic liquid electrolyte is then composed of a ionic
liquid playing the role of a solvent and of a conducting salt
such as a lithium salt.

The ionic liquid electrolytes are interesting from the point
of view of safety in all salts of electrochemical applications,
since they exhibit great thermal stability which may range for
example up to 450° C. for mixtures of 1-butyl-3-methylimi-
dazolium tetrafluoroborate, BMIBF,, and LiBF, they have a
large range of liquid phase, they are not flammable, and they
have a very low vapor pressure.

Document [1] describes electrolytes comprising 1-ethyl-3-
methylimidazolium tetraffuoroborate which is a ionic liquid
at room temperature, and ferrocene, tetrathiafulvalene or
LiBF,.

It is possible to combine in the electrolyte, a conventional
liquid organic solvent and a ionic liquid as described in docu-
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ment [2], which relates to an electrolyte for a lithium ion
battery which comprises a mixture of 1-butyl-3-methylimi-
dazolium tetrafluoroborate which is a ionic liquid at room
temperature, of gamma-butyrolactone, and of lithium tet-
rafluoroborate.

The document [3] mentions the use of electrolytes based on
1-butyl-3-methylimidazolium tetrafluoroborate (BMIBF4)
and of 1-ethyl-3-methylimidazolium tetrafluoroborate
(EMIBF4) in lithium ion batteries with spinel electrodes.

However, complex phenomena which are at the origin of a
certain number of problems and drawbacks occur within elec-
trolytes comprising a mixture of ionic liquids and conducting
salts such as lithium salts.

Thus when the lithium salt concentration increases, this is
a accompanied by alowering of the ionic conductivity and an
increase in the viscosity. Further, the diffusion coefficients of
lithium in these mixtures decrease for increasing lithium salt
content. In fact, structuration of the mixture occurs which
reduces the mobility of lithium ions.

The diffusion coefficient of lithium in these electrolytes is
less than that of the cation making up the ionic liquid. There-
fore there exists a competition between lithium cations and
the cations of the ionic liquid. The cations of the ionic liquid
arrive more rapidly at the surface of the negatively charged
electrode, and block the access of the surface to the lithium
ions which cannot be inserted into the intercalation material
of the electrode. The electrochemical reaction therefore can-
not occur. The performances of the battery using the electro-
lyte are therefore affected. This phenomenon is discussed in
document [6].

Therefore, considering the foregoing, there exists a need
for an ionic liquid electrolyte, i.e. an electrolyte comprising a
ionic liquid playing the role of a solvent and a conducting salt
such as a lithium salt, which when it is applied, used, in an
electrochemical system, does not negatively affect the elec-
trochemical reaction and its yield.

In particular there exists a need for an ionic liquid electro-
lyte, which, when it is used in an accumulator or battery, such
as a rechargeable lithium accumulator or lithium secondary
battery, does not deteriorate its capacity.

In other words, there exists a need for an ionic liquid
electrolyte, which, while having all the advantages of ionic
liquid electrolytes notably in terms of safety of use, does not
have the drawbacks thereof as regards the mobility of the ions
such as lithium ions, the diffusion coefficient of the ions such
as lithium ions, and therefore the insufficient performances of
the accumulator.

SUMMARY OF THE INVENTION

The goal of the present invention is to provide a ionic liquid
electrolyte comprising a ionic liquid and a conducting salt,
which i.a. meets the needs listed above.

The goal of the present invention is still to provide a ionic
liquid electrolyte which does not have the drawbacks, defects,
limitations and disadvantages of the ionic liquid electrolytes
of the prior art and which solves the problem of the prior art.

This goal, and still other ones are achieved according to the
invention by a ionic liquid electrolyte comprising at least one
ionic liquid of formula C*A~ wherein C* represents a cation
and A~ represents an anion, and at least one conducting salt,
characterized in that it further comprises at least one anionic
surfactant.

The anionic surfactant may be selected from alkyl and
alkylaryl sulfates; soaps such as sodium salts of fatty acids;
alkylbenzene sulfonates (ABS); alcohol sulfates; alkyl sul-
fate alcohols; phosphates; cellulose gums such as sodium
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carboxymethylcellulose; and mixtures thereof. It should be
understood that an anionic surfactant may be selected from
the above list of chemicals but is not to be construed to mean
that all compounds within each chemical category in the
above list are ionic surfactants.

Preferred anionic surfactants are selected from alkyl sul-
fates such sodium dodecylsulfate (SDS), sodium carboxym-
ethylcellulose, and sodium stearate.

The ionic liquid electrolyte according to the invention may
only comprise at least one anionic surfactant but it may fur-
ther comprise at least one other surfactant which is not an
anionic surfactant selected from cationic surfactants, non-
ionic surfactants and zwitterionic surfactants.

The non-ionic surfactant may be selected from (poly)
ethoxylated and/or (poly)propoxylated alcohols and (espe-
cially Cq-C,) alkylphenols, polyol esters, saccharose esters,
fatty alkanolamides, ethylene oxide/propylene oxide copoly-
mers and mixtures thereof.

The preferred non-ionic surfactants are selected from Tri-
ton® X and Triton® X-100, (both registered as trademarks of
Dow Chemical), which correspond to octyphenol ethoxyt-
lates, Tergitol® L, (registered trademark of Dow Chemical),
which corresponds to ethylene oxide/propylene copolymers
and Tergitol® NP (registered trademark of Dow Chemical)
which correspond to nonylphenol ethoxylates. All of these
trademark chemicals are identified by Dow Chemical in the
registeration as nonionic surfactants.

The ionic liquid electrolyte according to the invention has
never been described in the prior art.

The ionic liquid electrolyte according to the invention is
fundamentally distinguished from ionic liquid electrolytes of
the prior art in that it comprises an anionic surfactant or
tenside, surface active agent.

Tensides are certainly often used in elaborating electrodes
of'accumulators, batteries, but the use of tensides, specifically
anionic tensides, in liquid electrolytes, let alone in ionic lig-
uid electrolytes have never been described or suggested. The
electrodes consist of materials totally different from ionic
electrolytes and the problems which are posed in the elec-
trodes have nothing in common with the problems which are
posed in electrolytes notably in ionic liquid electrolytes.

Surprisingly, it was found that adding an anionic surfactant
ortenside in a ionic liquid electrolyte notably led to a surpris-
ing increase in the mobility of the cation of the conducting salt
such as the lithium cation, as well as of the diffusion coeffi-
cient of this cation, as compared with the same ionic liquid
electrolyte not comprising any anionic tenside.

The performances of an electrochemical system, for
example of an accumulator, using the electrolyte according to
the invention, are improved, in particular in terms of practical
capacity when they are compared with the performances ofan
electrochemical system, for example of an accumulator, bat-
tery, using an analogous electrolyte but without any anionic
tenside.

The electrolyte according to the invention does not have the
drawbacks of the ionic liquid electrolytes of the prior art
notably as regards degradation of the performances of the
electrochemical devices such as accumulators, batteries,
using these electrolytes.

The electrolyte according to the invention provides a solu-
tion to the problems which were encountered in ionic liquid
electrolytes of the prior art while always having the advan-
tages inherent to electrolytes, the solvent of which is an ionic
liquid, as regards safety, non-flammability, and low vapor
pressure etc.

Advantageously, the cation C* of the ionic liquid is
selected from organic cations.



US 9,123,972 B2

5

Thus, the cation C* ofthe ionic liquid may be selected from
hydroxonium, oxonium, ammonium, amidinium, phospho-
nium, uronium, thiouronium, guanidinium, sulfonium, phos-
pholium, phosphorolium, iodonium, carbonium cations; het-
erocyclic cations such as pyridinium, quinolinium,
isoquinolinium, imidazolium, pyrazolium, imidazolinium,
triazolium, pyridazinium, pyrimidinium, pyrrolidinium, thia-
zolium, oxazolium, pyrazinium, piperazinium, piperidinium,
pyrrolium, pyrizinium, indolium, quinoxalinium, thiomor-
pholinium, morpholinium, and indolinium cations; and the
tautomeric forms thereof.

Advantageously, the cation C* of the ionic liquid is
selected from unsubstituted or substituted imidazoliums such
as les di-, tri-, tetra- and penta-alkyl imidazoliums, quaternary
ammoniums, unsubstituted or substituted piperidiniums such
as dialkylpiperidiniums, unsubstituted or substituted pyrroli-
diniums such as dialkylpyrrolidiniums, unsubstituted or sub-
stituted pyrazoliums such as dialkylpyrazoliums, unsubsti-
tuted or substituted pyridiniums such as alkylpyridiniums,
phosphoniums such as tetraalkylphosphoniums, sulfoniums
such as trialkylsulfoniums, and the tautomeric forms of the
latter.

Preferably the cation C* of the ionic liquid is selected from
piperidiniums such as dialkylpiperidiniums; quaternary
ammoniums such as quaternary ammoniums bearing four
alkyl groups; imidazoliums such as di-, tri-, tetra- and penta-
substituted imidazoliums such as di-, tri-, tetra-, and penta-
alkyl imidazoliums; and the tautomeric forms of the latter.

The anion A~ of the ionic liquid may be selected from
halides such as C1~, BF,~, B(CN),~, CH,BF;~, CH,CHBF;",
CF;BF;7, m-C,F,, . ,BF;” wherein n is an integer such that
1=n<10, PF,~, CF,CO,, CF;80;7, N(SO,CF,),,
N(COCF;)(SOCF;)~, N(CN),~, C(CN);~, SCN-, SeCN-,
CuCl,™, and AICL,".

The anion A~ of the ionic liquid is preferably selected from
BF,™ and TFSI-(N(SO,CF5),").

A preferred ionic liquid comprises a cation C* selected
from piperidiniums, quaternary ammoniums and imidazoli-
ums, associated with an anion selected from BF,~ and TFSI-
(N(SO,CE,),").

A particularly preferred ionic liquid is BMIBF,, or 1-butyl-
3-methylimidazolium tetrafluoroborate.

Advantageously, the conducting salt is selected from
lithium salts.

Thus, the conducting salt may be selected from LiPFg:
lithium hexafluorophosphate, LiBF,,: lithium tetrafluorobo-
rate, LiAsF: lithiumi hexafluoroarsenate, LiClO,: lithium
perchlorate, [LiBOB: lithium bis oxalatoborate, LiFSI:
lithium bis (fluorosulfonyl) imidide, salts of general formula
Li(N(SO,C,F,,..,) (SO,C,F,,..)) wherein n and m, either
identical or different, are natural integers comprised between
1 and 10 such as LiTFSI: lithium bis(trifluoromethylsulfonyl)
imidide or LiN(CF;S0O,),, or LiBeti: lithium bis(pertluoro-
ethylsulfonyl)imidide, LiODBF, LiB(C4Hs), LiCF;SO;, LiC
(CF;80,); (LiTFSM), and mixtures thereof.

Preferably, the conducting salt is selected from LiTFSI,
LiPF, LiFSI, LiBF,, and mixtures thereof.

The electrolyte according to the invention may comprise
from 0.001 to 0.5 moles of anionic surfactant per mole of
ionic liquid solvent, preferentially around 0.1 mole.

Advantageously, the electrolyte according to the invention
may comprise from 0.1 to 10 mol/L. of conducting salt.

The electrolyte according to the invention may further
comprise at least one organic salt such as those traditionally
used by man skilled in the art of electrolytes. The optional
organic solvent notably allows lowering of the viscosity of the
electrolyte.
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But the electrolyte according to the invention may only be
composed of the ionic electrolyte(s), the conducting salt(s),
and the surfactant(s).

A particularly preferred ionic liquid electrolyte according
to the invention comprises 1.6 mol/L. of LiPF in an equimolar
mixture of ionic liquid solvent BMIBF, and SDS.

The invention also relates to an electrochemical device or
system which comprises a ionic liquid electrolyte as
described above.

This electrochemical system may in particular be a
rechargeable electrochemical accumulator (or secondary
electrochemical battery) such as a lithium accumulator (or
battery) comprising the ionic liquid electrolyte as described
above, a positive electrode, and a negative electrode.

The accumulator (or battery) may notably have the shape
of a button battery cell.

The invention will now be described more specifically in
the description which follows, given as an illustration and not
as a limitation, with reference to the appended drawings
wherein:

FIG. 1 is a schematic vertical sectional view of an accu-
mulator, battery, in the form of a button battery cell compris-
ing an electrolyte, for example an electrolyte to be tested,
according to the invention, such as the electrolyte prepared in
Example 1 or in Example 2.

This description generally more particularly refers to an
embodiment wherein the ionic liquid electrolyte is the ionic
liquid electrolyte of a rechargeable lithium accumulator
(lithium secondary battery), but it is quite obvious that the
description which follows may easily be extended, if neces-
sary to any ionic liquid electrolyte which may be used in any
electrochemical device or system.

The ionic liquid electrolyte according to the invention
comprises at least one ionic liquid, playing the role of a
solvent, of formula C*A~ wherein C* represents a cation and
A~ represents an anion, at least one conducting salt, and
further at least one anionic surfactant.

By at least one ionic liquid is meant that the electrolyte
according to the invention may comprise a single ionic liquid
or it may comprise several of these ionic liquids which may
for example differ by the nature of the cation and/or of the
anion making it up.

Also, by at least one conducting salt and at least one
anionic surfactant is meant that the electrolyte according to
the invention may respectively comprise one single or several
conducting salt(s) and one single or several anionic
surfactant(s).

The ionic liquid of the electrolyte according to the inven-
tion plays the role of a solvent for the conducting salt. By
<<liquid>> is generally meant that the ionic liquid solvent is
liquid in a temperatures range from 0 to 200° C., and that it is
notably liquid in the vicinity of the room temperature, i.e.
from 15 to 30° C., preferably from 20 to 25° C.

There is no limitation as to the selection for the cation C* of
the ionic liquid.

Preferably, the cation C* is selected from organic cations,
notably <<bulky>> organic cations, i.e. cations including
groups known to the man skilled in the art in organic chem-
istry for having significant steric hindrance.

Thus, the cation C* ofthe ionic liquid may be selected from
hydroxonium, oxonium, ammonium, amidinium, phospho-
nium, uronium, thiouronium, guanidinium, sulfonium, phos-
pholium, phosphorolium, iodonium, carbonium cations; het-
erocyclic cations, and the tautomeric forms of these cations.

By heterocyclic cations are meant cations derived from
heterocycles, i.e. cycles comprising one or more (several)
heteroatom(s) generally selected from N, O, P, and S.
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These heterocycles may be saturated, unsaturated, or aro-
matic, and they may further be fused with one or more other
heterocycles and/or one or more other saturated, unsaturated
or aromatic carbon cycles.

In other words, these heterocycles may be monocyclic or
polycyclic.

These heterocycles may further be substituted with one or
more substituents, preferably selected from linear or
branched alkyl groups with 1 to 20 carbon atoms such as the
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, and t-butyl
groups; cycloalkyl groups with 3 to 7 C atoms; linear or
branched alkenyl groups with 1 to 20 carbon atoms; linear or
branched alkynyl groups with 1 to 20 carbon atoms; aryl
groups with 6 to 10 carbon atoms such as the phenyl group;
alkyl(1 to 20 C atoms)-aryl(6 to 10 C atoms) groups such as
the benzyl group.

The heterocyclic cations may be selected from pyridinium,
quinolinium, isoquinolinium, imidazolium, pyrazolium, imi-
dazolinium, triazolium, pyridazinium, pyrimidinium, pyrro-
lidinium, thiazolium, oxazolium, pyrazinium, piperazinium,
piperidinium, pyrrolium, pyrizinium, indolium, quinox-
alinium, thiomorpholinium, morpholinium, and indolinium
cations.

These cations may optionally be substituted as defined
above.

The heterocyclic cations also include the tautomeric forms
of the latter.

Examples of heterocyclic cations which may form the cat-
ion C* of the ionic liquid solvent of the electrolyte according
to the invention are given below:

R? R? R2 R2 R? R?
= \ *
/ /
/N%N\ RY, R N/+N\ RY, R NﬁN ,
v w @
Imidazolium 1H-Pyrazolium 3H-Pyrazolium
R2 R2, R2 R?

, R? R?
N LN

R? R
\N ® \N \N
X ~ XN N
R? A R? N7, R? N R*

N
| | |~
R! R! R!
4H Pyrazolium 1-Pyrazolinium 2-Pyrazolinium
R? R? R R2
>=< RZ%_%W
/ PAN
\ RY, RV ><\ R4, RI7 Y R
Rl R® R? R2
3-Pyrazolinium 2,3-Dihydro- 4,5-Dihydro-
Imidazolinium Imidazolinium
R3 R? R R? R?
R? R? R3 N
\ LS /o \
_N N | W NG
R} R? R! R* R!
2,5-Dihydro- Pyrrolidinium 1,2,4-Triazolium

Imidazolinium
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R* R2, R* RI, R* R
\ + \ / \
N—N-+* —N
/4 \ \ \ .
R2 N/ R2 AN R2 AN ~ R
Il{l R? R?
1,2,4-Triazolium  1,2,3-Triazolium 1,2,3-Triazolium
R? R? R?
R2 R2, RZ RZ, RZ,
\ | \ N \
- P
7N R SN R R N
| + | + +
R! R! R!
Pyridinium Pyridazinium Pyrimidinium
2
22 R R2 R2
RZ R?
AN
R2
P
N R2, R? N7 RZ,
R2 / \ |
R! R* R? R!
Indolium Quinolinium
R? R? R?
RZ R? RZ N, R?
x S
N P
R2 T Iil+ R2
R? R? R? R!
Isoquinolinium Quinoxalinium
R2
3
R3 R R3
R? o] R?
R? R?
R3 R?
R3 R?, R} R?
N N
R /\ R R /N R
Rl R* R! 2
Piperidinium Morpholinium
5 , R2 R? R; R?
R N, R
j: i[
S N O. N
R2 N/ R Y R ~ \( +\
4
R! R2 R2
Pyrazinium Thiazolium Oxazolium
2 R
R R
R3
R? R?
N R}
R2 AN
R! R*
Indolinium

In these formulae, the R', R?, R® and R* groups indepen-
dently of each other represent a hydrogen atom or a substitu-
ent preferably selected from the groups already listed above,
notably linear or branched alkyl groups with 1 to 20 C atoms.

The diversity of ionic liquids is such that it is possible to
prepare a large number of electrolytes. However, families of
ionic liquids are more interesting, notably for the applications
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more particularly targeted herein. These families of ionic
liquids are defined by the type of C* cation that is used.

Thus preferably, the C* cation of the ionic liquid of the
electrolyte according to the invention will be selected from
unsubstituted or substituted imidazoliums such as di-, tri-,
tetra- and penta-alkyl imidazoliums, quaternary ammoniums,
unsubstituted or substituted piperidiniums such as dialkylpi-
peridiniums, unsubstituted or substituted pyrrolidiniums
such as dialkylpyrrolidiniums, unsubstituted or substituted
pyrazoliums, dialkylpyrazoliums, unsubstituted or substi-
tuted pyridiniums such as alkylpyridiniums, phosphoniums,
tetraalkylphosphoniums, and sulfoniums such as trialkylsul-
foniums.

Preferably the C* cation of the ionic liquid is selected from
piperidiniums such as dialkylpiperidiniums, quaternary
ammoniums such as quaternary ammoniums bearing four
alkyl groups, and imidazoliums such as di-, tri-, tetra-, and
penta-substituted imidazoliums like di-, tri-, tetra- and penta-
alkyl imidazoliums.

As already specified above, the alkyl groups have from 1 to
20 C atoms and may be linear or branched.

Among these cations, dialkylpiperidiniums, quaternary
ammoniums bearing four alkyl groups, and di-, tri-, tetra- and
penta-alkyl imidazoliums are especially preferred. However,
as regards imidazolium cations, di- and tri-substituted imida-
zoliums have better physico-chemical and electrochemical
properties and are therefore still more preferred.

These preferred cations were selected because the imida-
zolium cation has the largest ion conductivities as well as the
lowest viscosity. The piperidinium cation itself exhibits very
high electrochemical stability and average ion conductivity
and viscosity. Finally, quaternary ammoniums are very stable
electrochemically but have very low ion conductivities.

Also there is no limitation as to the choice of the anion A~
of the ionic liquid.

Preferably the anion A~ of the ionic liquid is selected from
halides such as C1~, BF,~, B(CN),,~, CH,BF,;~, CH,CHBF;",
CF;BF;7, m-CF,, , BF;™ (wherein n is an integer such that
1=n<10), PF,, CF,;CO,7, CF,SO;, N(SO,CF,),,
N(COCF;)(SOCF;)”, N(CN),~, C(CN);~, SCN~, SeCN,
CuCl,", and AIC],".

More preferred anions are the anions BF,~ and TFSI-(N
(SO,CF3),).

These anions actually allow an increase in the ion conduc-
tivity and a decrease in the viscosity. Further the anion TFSI™
is slightly more stable at a high potential. It is quite obvious
that other anions may however be selected.

A more preferred ionic liquid for the ionic liquid electro-
lyte according to the invention comprises as an anion, an
anion BF,~ or TFSI-(N(SO,CF;),") and as a cation, a piperi-
dinium, quaternary ammonium or imidazolium cation. The
association of such an anion and of such a cation imparts to
the ionic liquid electrolyte extremely advantageous proper-
ties.

An exemplary ionic liquid particularly well suited to a use
in the ionic liquid electrolyte according to the invention is
BMIBE, or 1-butyl-3-methylimidazolium tetrafluoroborate.

Other examples of ionic liquids are given in documents [4]
and [ 5], to the description of which reference may be made.

There exists no limitation as to the choice of the conducting
salt of the ionic liquid electrolyte according to the invention.

The conducting salt is preferably a lithium salt, notably in
the case when the ionic liquid electrolyte according to the
invention is the electrolyte of a rechargeable lithium or
lithium-ion accumulator (lithium or lithium ion secondary
battery).
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This lithium salt may be selected from LiPFg: lithium
hexafluorophosphate, LiBF,: lithium tetrafluoroborate,
LiAsF . lithium hexafluoroarsenate, LiC1O,: lithium perchlo-
rate, LiBOB: lithium bis oxalatoborate, LiFSI: lithium bis
(fluorosulfonyl)imidide, salts of general formula Li
[N(SO,C,F,,.) (SO,C,F,,..)] wherein n and m either
identical or different are natural integers comprised between
1 and 10, such as LiTFSI: lithium bis(trifluoro-methylsulfo-
nyl)imidide ou LiN(CF,;S0O,),, or LiBeti: lithium bis(per-
fluoroethylsulfonyl)imidide, LiODBF, LiB(C¢Hs),
LiCF;S0;, LiC(CF;S0,); (LiTFSM), and mixtures thereof.

The lithium salts to be added into the ionic liquids are
preferentially in the order:

1% LiTFS],

2"4: LiPF,,

3" LiFSI,

4™ LiBF,.

Indeed the best ion conductivities are obtained for these
salts, and further with LiTFSI the viscosity is the lowest.

The total concentration of-the conducting salt(s) in the
ionic liquids may be comprised between 0.1 mol/1 per liter of
ionic liquid solvent right up their solubility limit in the
selected ionic liquid solvent, preferably it is from 0.1 to 10
mol/l.

The anionic surfactant may be considered as the essential
fundamental constituent of the electrolyte according to the
invention since it is this constituent which differentiates the
electrolyte according to the invention from the electrolytes of
the priorart and it is this surfactant which is at the origin of the
surprising and advantageous properties of the electrolyte
according to the invention.

Let us first of all recall that a surfactant, also called a
dispersant, wetting agent, or tenside is a chemical having
amphiphilic properties i.e. it has two portions of different
polarities:

an a polar lipophilic portion which retains the ‘fatty’ mate-

rials (having a carbon chain),

a polar hydrophilic portion.

Generally, these dispersing agents give the possibility of
fixing the hydrophobic (or lipophilic) particles contained in a
hydrophilic solution such as water which allows creation of a
dispersion. Further they give the possibility of reducing sur-
face interactions since they lower the free energy.

There exist four types of surfactants or tensides:

anionic tensides wherein the hydrophilic polar portion of

the molecule is negatively charged,

cationic tensides wherein the hydrophilic portion is posi-

tively charged,

zwitterionic or amphoteric tensides which include a posi-

tive and a negative charge, the global charge of the polar
portion is zero,

non-ionic tensides wherein the molecule does not include a

net charge.

The surfactant, tenside, used in the ionic liquid electrolyte
according to the invention is an anionic tenside.

However, the ionic liquid electrolyte according to the
invention may in addition to one or more (several) anionic
surfactant(s), further comprise one or more surfactant(s)
which is(are) not anionic surfactant(s) and which is(are)
selected from cationic, non-ionic and zwitterionic surfac-
tants.

ITonicliquids are particular solvents wherein a large number
of intra- and inter-molecular interactions take place for
example: coulombic (electrostatic) interactions, dipole-di-
pole interactions, hydrogen bonds, Van Der Waals forces etc.
and the inventors have shown that by adding an anionic sur-
factant to a ionic liquid electrolyte comprising a ionic liquid
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solvent, it is possible, without any intention of being bound to
any theory, to accomplish two actions:

A first action is to reduce steric hindrance of the complex
structure around the cation of the conducting salt, such
as the lithium ion, and so to thereby increase the mobility
of this cation such as the lithium cation.

A second action is to trap the cation of the ionic liquid by
associating it with a bulky negatively charged molecule
with which it combines by means of coulombic interac-
tions thereby causing the reduction of its diftusion coef-
ficient and therefore of its mobility in the medium.

The mode of action of the anionic surfactants and of the
optional non-ionic surfactants is specified below.

The anionic surfactant may be selected from alkyl sulfates
and alkyl aryl sulfates; soaps such as sodium salts of fatty
acids; alkylbenzene sulfonates (ABS); alcohol sulfates, alco-
hol alkyl sulfates; phosphates; cellulose gums such as sodium
carboxymethylcellulose; and mixtures thereof. Preferably, it
is selected from alkyl sulfates, the alkyl group of which gen-
erally comprises from 1 to 20 carbon atoms, such as sodium
dodecylsulfate (SDS) also called sodium laurylsulfate (for-
mula I below) of chemical formula NaC ,H,sSO, and
sodium carboxymethylcellulose (formula II below).
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The optional non-ionic surfactant may be selected from
(poly)ethoxylated and/or (poly)propoxylated alcohols and
(especially C4-C) alkylphenols, polyol esters, saccharose
esters, fatty alkanolamides, ethylene oxide/propylene oxide
copolymers, and mixtures thereof.

The preferred optional non-ionic surfactants are selected
from TRITON® X such as Triton® X-100, the formula of
which is given below, which are polyethoxylated octylphe-
nols, Tergitol® L (DOW) which are ethylene oxide/propy-
lene oxide copolymers also called “polyether polyols”, and
Tergitol® NP (DOW) which belong to the family of poly-
ethoxylated alkylphenols, more specifically polyethoxylated
nonylphenols, and which are also called “ethoxylated non-
ylphenols”.

Triton® X-100 fits the formula III below wherein n repre-
sents 9 or 10. Triton® X-100is notably available from Sigma
Aldrich®.

55
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The electrolyte according to the invention generally com-
prises from 0.001 to 0.5 mole of anionic surfactant per mole
of'ionic liquid solvent.

Thus, the number of moles of surfactant to be added may be
half less than the number of moles of the ionic liquid solvent.
However smaller amounts for example from 0.01 to 0.1 may
be added.

By adding an anionic surfactant to a ionic liquid electro-
lyte, the number of charge carriers within the ionic liquid
electrolyte will increase, which may be a nuisance for the
competition between the different ions in the solution. How-
ever the anionic surfactant is generally composed of a bulky
anionic molecule associated with a small cation. Coulombic
interactions will occur between the cation of the ionic liquid
and the anion of the surfactant causing their association.
There will be therefore creation of ion pairs between the
cation of the ionic liquid and the anion of the surfactant which
will have the consequence of slowing down, trapping the
cation of the ionic liquid, which initially has greater mobility
than that of the cation of the conducting salt such as the
lithium cation.

The cation of the ionic liquid will then diffuse into the
medium less rapidly. It will no longer clog up the surface of
the negatively charged electrode towards which the lithium
cation does not diffuse and into which it has to be inserted for
ensuring that the current flows through. The competition
between both cations is therefore reduced.

By optionally adding a non-ionic surfactant in a mixture of
ionic liquids and of a solute such as a lithium salt micelles
may be formed which limit the solvating power of the ionic
liquid. Thus the ion such as the lithium ion dissolved in the
ionic liquid has its solvation layer reduced by the addition of
the surfactant. Practically, the number of molecules of sol-
vent, i.e. the number of anions and cations of the ionic liquid,
around the cation such as the lithium cation is smaller, there-
fore reducing its steric hindrance. The mobility of the cation
such as the lithium cation, will increase as well as its diffusion
coefficient, and the performances of the device, electrochemi-
cal system containing the ionic liquid electrolyte, such as an
accumulator, battery, will be improved in terms of practical
capacity.

Further, as the actual volume occupied by lithium and its
solvation sphere is smaller, insertion into the electrode mate-
rials is then facilitated and electron exchange in the electrode
is faster.

Moreover the larger the solvation layer around the cation
such as the lithium cation, the greater are the risks of deterio-
rating the electrodes materials during its insertion, then
reducing the efficiency of the electrode and therefore the
performances of the accumulator. Accordingly, reducing the
solvation layer minimizes the risk of deterioration of the
structure of the electrode.

Finally, the anionic surfactant and the optional non-ionic
surfactant will act on the passivation layer of the negative
electrode. This layer in the presence of the surfactant will be
thinner and more homogeneous, limiting the formation of
dendrites and therefore reducing the risk of short-circuits.

Further it was noticed that adding an anionic surfactant,
such as sodium dodecyl sulfate (SDS), to a ionic liquid elec-
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trolyte generally has the consequence of reducing ion con-
ductivity in the ionic liquid electrolyte.

This reduction in ion conductivity may seem to be a pen-
alty. However in spite of this reduction and surprisingly, the
cycling performances of the accumulator, battery, containing
the liquid electrolyte with an anionic surfactant are increased,
and the practical capacity of the accumulator, battery, is bet-
ter.

In practice, a 5% capacity increase was observed over the
first cycles for the electrolyte with an anionic surfactant addi-
tive; further there is less irreversible capacity in the first cycle,
as compared with a system without any surfactant.

Moreover, adding an anionic surfactant such as SDS, is
accompanied by a structuration of the electrolyte and by an
increase in its viscosity.

Indeed, a ionic liquid electrolyte gel forms. This proves
that there exist interactions in the volume of the electrolyte.

To summarize, it may be stated that the ionic electrolyte
according to the invention notably has the following advan-
tages:

with the ionic liquid electrolyte having an anionic surfac-

tant as an additive, it is possible to increase the practical
capacity of the accumulator as compared with an accu-
mulator containing a ionic liquid electrolyte without any
anionic surfactant additive.

The electrolyte according to the invention allows a reduc-

tion in the solvation of non-organic ions in the solution.

The electrolyte promotes insertion of lithium in the inter-

calation materials.

The electrolyte according to the invention is stable at high

temperature and may therefore be used at temperatures
well above 60° C.

The electrolyte promotes diffusion of the lithium cation.

The electrolyte according to the invention may only con-
tain the ionic liquid(s), the conducting salt(s) and the surfac-
tant(s), in other words, the electrolyte according to the inven-
tion may be composed of (may consist in) the ionic liquid(s),
the conducting salt(s), the anionic surfactant(s), and the
optional other(s) (non-anionic) surfactant(s).

The electrolyte according to the invention may further
contain other components such as organic solvents. For
example, the ionic liquid electrolyte according to the inven-
tion may further comprise one or more <<standard>>, con-
ventional, organic solvents (i.e.

solvents which are not ionic liquids) such as solvents cur-
rently used in electrolytes such as carbonates, in a proportion
from 5 to 20% by mass of the mass of the electrolyte, notably
for lowering the viscosity of the electrolyte.

The ionic liquid electrolyte described above may be used in
any electrochemical system using an electrolyte.

This electrochemical system may notably be a recharge-
able electrochemical accumulator (secondary electrochemi-
cal battery) with a non-aqueous electrolyte such a lithium
accumulator or battery, which in addition to the ionic liquid
electrolyte as defined above comprises a positive electrode
and a negative electrode.

The electrodes comprise a binder which is generally an
organic polymer, a positive or negative electrode electro-
chemically active material, optionally one or more electron-
conducting additives, and a current collector.

In the positive electrode, the electrochemically active
material may be selected from the compounds already men-
tioned above in the present description; and from LiCoO,; the
compounds derived from LiCoO, obtained by substitution
preferably with Al, Ti, Mg, Ni and Mn, for example LiAl -
Ni,Coy,_,,,O, wherein x<0.5 and y<1, LiNiMn,Co,_,,0,;
LiMn,O,; LiNiO,; the compounds derived from LiMn,O,
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obtained by substitution preferably with Al, Ni and Co;
LiMnO,; the compounds derived from LiMnO, obtained by
substitution preferably with Al, Ni, Co, Fe, Cr and Cu, for
example LiNi, sO,; olivines LiFePO,, Li,FeSiO,, LiMnPO,,
LiCoPQ,; iron phosphates and sulfates either hydrated or not;
LiFe,(PO,);; vanadyl phosphates and sulfates -either
hydrated or not, for example VOSO, and Li VOPO,; nH,O
(0<x<3, 0<n<2); Li(,, ) V504, 0<x<4; L1, V,0;, nH,0, with
0<x<3 and 0<n<2; and mixtures thereof.

In the negative electrode, the electrochemically active
material may be selected from the compounds already men-
tioned above in the present description; and from carbon-
aceous compounds such as natural or synthetic graphites and
disordered carbons; lithium alloys of the type Li M with
M=8n, Sb, Si; Li CusSns; compounds with 0<x<13; iron
borates; reversibly decomposable simple oxides, for example
CoO, Co,0;, Fe,0;; pnicures, for example Li;_, ,Co N,
Ligs . Fe N, LiMnP,, LiFeP,; Li FeSb,; and insertion
oxides such as titanates for example TiO,, Li,TisO,,, Li,-
NiP,, Li NiP;, MoO, and WO, and mixtures thereof, or any
material known to the man skilled in the art in this technical
field.

The optional electron-conducting additive may be chosen
from metal particles such as Ag particles, graphite, carbon
black, carbon fibres, carbon nanowires, carbon nanotubes and
electron-conducting polymers, and mixtures thereof.

The current collectors are generally in copper for the nega-
tive electrode or in aluminium for the positive electrode.

The accumulator may notably have the shape of a button
battery cell.

The different elements of a button battery cell, in stainless
steel 316L, are described in FIG. 1.

These elements are the following:

The upper (5) and lower (6) portions of the stainless steel

casing,

the polypropylene gasket (8),

the stainless steel shims, skids (4), which are used both

optionally for cutting metal lithium and then subse-
quently for ensuring good contact of the current collec-
tors with the external portions of the battery cell,

a spring (7), which ensures contact between all the ele-

ments,

a microporous separator (2),

electrodes (1) (3).

The invention will now be described with reference to the
following example, given as an illustration and not as a limi-
tation.

EXAMPLE

An electrolyte according to the invention comprising a
ionic liquid, a lithium salt and an anionic surfactant is pre-
pared.

The ionic liquid is BMIBF, or 1-butyl-3-methylimidazo-

lium tetrafluoroborate.

The lithium salt is LiPF, or lithium hexafluorophosphate.

The surfactant is sodium dodecyl sulfate or SDS.

The electrolyte is formulated by dissolving 1.6 mol/1 of
LiPF, in an equimolar mixture of ionic liquid solvent
BMIBF, and of SDS.

The electrolyte as prepared above in the example was then
tested in a button battery cell.

The same electrolyte without any anionic surfactant was
tested under the same conditions.
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Each button battery cell is mounted while scrupulously
observing the same procedure. The following items are
thereby stacked from the bottom of the casing of the cell as
this is shown in FIG. 1:

a negative electrode (1) @ 14 mm, for these tests this is an
electrode, the active material of which is Li,TisO, ,, but
any other negative electrode active material notably
selected among standard, conventional, active material
used in the art for a negative electrode in a non-aqueous
medium could be used;

200 pl of electrolyte as prepared in the example or else the
electrolyte without any anionic surfactant;

a separator which is a microporous membrane in polyole-
fin, more specifically a microporous membrane in
polypropylene Celgard® (2) @ 16.5 mm;

a positive electrode, the active material of which is
LiNiy sMn, O,, butadisc of lithium or of any other type
of positive electrode active material notably selected
among standard, conventional, active materials used in
the art for a positive electrode in a non-aqueous medium
could be used;

a stainless steel disc or shim, skid (4),

a stainless steel 1id (5) and a bottom (6) in stainless steel

astainless steel spring (7) and a polypropylene gasket, joint
(8.

The stainless steel casing is then closed with a crimping
machine, making it perfectly airproof. In order to check
whether the batteries are operational, the latter are checked by
measuring the floating voltage.

Because of the strong reactivity of lithium and of'its salts to
oxygen and water, the setting up of a button battery cell is
carried out in a glove box. The latter is maintained under an
anhydrous argon atmosphere, with slight overpressure. Sen-
sors allow continuous monitoring of the oxygen and water
concentration. Typically, these concentrations should remain
less than one ppm.

The electrolyte prepared in the example and the electrolyte
without any anionic surfactant, are mounted in button cells
according to the procedure described above and undergo
cycling operations, i.e.

charging and discharging operations at constant current
under different operating conditions for 20 cycles in order to
evaluate the practical capacity of the battery.

Once the button battery cell is made, it undergoes charging
and discharging operations at constant current under different
operating conditions for 20 cycles in order to evaluate the
practical capacity of the battery.

A 5% increase in capacity was observed over the first
cycles for the electrolyte with the anionic surfactant additive;
moreover, there is less irreversible capacity in the first cycle,
as compared with a system without any surfactant.

The invention claimed is:

1. A ionic liquid electrolyte comprising at least one ionic
liquid of formula C*A~ wherein C* represents a cation and A~
represents an anion, and at least one conducting salt, charac-
terized in that it further comprises at least one anionic surfac-
tant.

2. The electrolyte according to claim 1 wherein the anionic
surfactant is selected from the group consisting of: alkyl and
alkylaryl sulfates; soaps; alkylbenzene sulfonates (ABS);
alcohol sulfates; alcohol alkyl sulfates; phosphates; cellulose
gums; and mixtures thereof.

3. The electrolyte according to claim 2 which further com-
prises at least one other surfactant selected from cationic
surfactants, non-ionic surfactants and zwitterionic surfac-
tants.
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4. The electrolyte according to claim 3 wherein the non-
ionic surfactant is selected from (poly)ethoxylated and/or
(poly)propoxylated alcohols and (especially Cg-Cg)alkyl
phenols, polyol esters, saccharose esters, fatty alkanola-
mides, alkylene oxide/propylene oxide copolymers, and mix-
tures thereof.

5. The electrolyte according to claim 2 wherein said soaps
are sodium salts of fatty acids.

6. The electrolyte according to claim 2 wherein the anionic
surfactant is selected from alkyl sulfates, sodium carboxym-
ethylcellulose, and sodium stearate.

7. The electrolyte according to claim 6 which further com-
prises at least one other surfactant selected from cationic
surfactants, non-ionic surfactants and zwitterionic surfac-
tants.

8. The electrolyte according to claim 7 wherein the non-
ionic surfactant is selected from (poly)ethoxylated and/or
(poly)propoxylated alcohols and (especially Cg-Cg)alkyl
phenols, polyol esters, saccharose esters, fatty alkanola-
mides, alkylene oxide/propylene oxide copolymers, and mix-
tures thereof.

9. The electrolyte according to claim 6 wherein said alkyl
sulfates is selected from the group consisting of sodium dode-
cylsulfate (SDS.

10. The electrolyte according to claim 2 wherein the cel-
Iulose gum is composed of sodium carboxymethylcellulose.

11. The electrolyte according to claim 1 which further
comprises at least one other surfactant selected from cationic
surfactants, non-ionic surfactants and zwitterionic surfac-
tants.

12. The electrolyte according to claim 11 wherein the non-
ionic surfactant is selected from (poly)ethoxylated and/or
(poly)propoxylated alcohols and (especially Cg-Cg)alkyl
phenols, polyol esters, saccharose esters, fatty alkanola-
mides, ethylene oxide/propylene oxide copolymers, and mix-
tures thereof.

13. The electrolyte according to claim 12 wherein the non-
ionic surfactant is selected from the group consisting of:
octylphenol ethoxylates, nonylphenol ethoxylates and ethyl-
ene oxide/propylene oxide copolymers.

14. The electrolyte according to claim 11 composed of one
or more ionic liquid(s), one or more conducting salt(s), one or
more anionic(s) surfactant(s) and one or more other surfac-
tants.

15. The electrolyte according to claim 1, wherein the cation
C* of the ionic liquid is selected from organic cations.

16. The electrolyte according to claim 15, wherein the
cation C* of the ionic liquid is selected from hydroxonium,
oxonium, ammonium, amidinium, phosphonium, uronium,
thiouronium, guanidinium, sulfonium, phospholium, phos-
phorolium, iodonium, carbonium; and heterocyclic cations
such as pyridinium, quinolinium, isoquinolinium, imidazo-
lium, pyrazolium, imidazolinium, triazolium, pyridazinium,
pyrimidinium, pyrrolidinium, thiazolium, oxazolium,
pyrazinium, piperazinium, piperidinium, pyrrolium, pyriz-
inium, indolium, quinoxalinium, thiomorpholinium, mor-
pholinium, and indolinium cations; and the tautomeric forms
thereof.

17. The electrolyte according to claim 16 wherein the cat-
ion C* of the ionic liquid is selected from unsubstituted or
substituted imidazoliums, quaternary ammoniums, unsubsti-
tuted or substituted piperidiniums, unsubstituted or substi-
tuted pyrrolidiniums, unsubstituted or substituted pyrazoli-
ums, unsubstituted or  substituted pyridiniums,
phosphoniums, sulfoniums, and the tautomeric forms
thereof.
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18. The electrolyte according to claim 17, wherein the
cation C* of the ionic liquid is selected from piperidiniums;
quaternary ammoniums; imidazoliums and the tautomeric
forms thereof.

19. The electrolyte according to claim 17 wherein said
substituted imidazoliums is selected from the group consist-
ing of-di-, tri-, tetra- and penta-alkyl imidazoliums.

20. The electrolyte according to claim 17 wherein said
substituted piperidiniums are dialkylpiperidiniums.

21. The electrolyte according to claim 17 wherein said
pyrrolidiniums are dialkylpyrrolidiniums.

22. The electrolyte according to claim 17 wherein said
pyrazoliums are dialkylpyrazoliums.

23. The electrolyte according to claim 17 wherein said
substituted pyridiniums are alkylpyridiniums.

24. The electrolyte according to claim 17 wherein said
phosphoniums are tetraalkylphosphoniums.

25. The electrolyte according to claim 17 wherein said
sulfoniums are trialkylsulfoniums.

26. The electrolyte according to claim 1 wherein the anion
A~ of the ionic liquid is selected from the group consisting of
halide(s),BF,~, B(CN),~, CH,BF,~, CH,CHBF,~, CF,BF,",
m-C,F,, . BF;~ wherein n is an integer such that 1=n<10,

PF,-, CF,CO,, CF,S0,", N(SO,CF,),, N(COCF,)
(SOCF,)", N(CN),™, C(CN),~, SCN™, SeCN™, CuCl,", and
AICI,.

27.The electrolyte according to claim 26 wherein the anion
A~ of the ionic liquid is selected from the group consisting of
BF,” and TFSI which is-(N(SO,CF;),)".

28. The electrolyte according to claim 26 wherein said
halide is C1™.

29. The electrolyte according to claim 1 wherein the ionic
liquid comprises a cation C* selected from piperidiniums,
quaternary ammoniums and imidazoliums, associated with
an anion A~ selected from BF,” and TFSI which is-(N
(SO,CF,),").

30. The electrolyte according to claim 29 wherein the ionic
liquid is BMIBF, which is 1-butyl-3-methylimidazolium tet-
rafluoroborate.

31. The electrolyte according to claim 1 wherein the at least
one conducting salt is selected from lithium salts.

32. The electrolyte according to claim 31 wherein the con-
ducting salt is selected from LiPF: lithium hexafluorophos-
phate, LiBF,: lithium tetrafluoroborate, LiAsF: lithium
hexafluoroarsenate, LiClO,: lithium perchlorate, LiBOB:
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lithium bisoxalatoborate, LiFSI: lithium bis(fluorosulfonyl)
imidide, salts of general formula Li[N(SO,CF,, .,)
(SO,C, F,,,.1)]) wherein n and m either identical or different,
are natural integers comprised between 1 and 10.

33. The electrolyte according to claim 32 wherein the con-
ducting salt is selected from LiTFSI, LiPF, LiFSI, LiBF,,
and mixtures thereof.

34. The electrolyte according to claim 32 wherein the salts
having the general formula Li [N (SO,C,F,,.,) (SO,C,,
F,,..1)]) wherein n and m are either identical or different
natural integers of between 1 and 10 are selected from the
class consisting of: LiTFSI: lithium bis(trifluoromethylsul-
fonyl)imidide or LiN (CF;S0O,),, or LiBeti: lithium bis(per-
fluoroethylsulfonyl) imidide, LiODBEF, LiB (CHs) ,
LiCF;S0;, LiC (CF;S0,); (LiTFSM), and mixtures thereof.

35. The electrolyte according to claim 1 which comprises
from 0.001 to 0.5 moles of anionic surfactant per mole of
ionic liquid solvent.

36. The electrolyte according to claim 1 which comprises
from 0.1 to 10 mol/LL of conducting salt.

37. The electrolyte according to claim 1 which further
comprises at least one organic solvent.

38. The electrolyte according to claim 1 composed of one
or more ionic liquid(s), the conducting salt(s), and one or
more anionic surfactant(s).

39. The electrolyte according to claim 1 which comprises
1.6 mol/L of LiPF in an equimolar mixture of ionic liquid
solvent BMIBF,, and SDS.

40. An electrochemical system comprising an electrolyte
according to claim 1.

41. A rechargeable electrochemical accumulator or sec-
ondary electrochemical battery comprising an electrolyte
according to claim 1, a positive electrode and a negative
electrode.

42. The accumulator or battery according to claim 41
which is a button battery cell.

43. The electrolyte according to claim 18 wherein the imi-
dazoliums are penta-substituted imidazoliums.

44. The electrolyte according to claim 43 wherein the
penia-substituted imidazoliums are penta-alkylimidazoli-
ums.

45. The rechargeable electrochemical accumulator or sec-
ondary electrochemical battery according to claim 41 which
is a lithium accumulator or battery.
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